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 34 
What’s Known on This Subject 35 
‘Protective’ complementary feeding practices that promote self-regulation of intake and 36 
development of healthy food preferences have been positively associated with healthy child 37 
eating patterns and growth. There are few high-quality trials evaluating feeding practice 38 
interventions; none has reported long-term outcomes. 39 
What This Study Adds 40 
This large RCT demonstrates that anticipatory guidance on the ‘how' of complementary 41 
feeding resulted in more protective feeding practices. These intervention effects were 42 
sustained for three years and translated into commensurate trends in obesity risk.  43 
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Abstract  65 
Objective:  Report long term outcomes of the NOURISH randomized controlled trial (RCT) 66 
that evaluated a universal intervention commencing in infancy to provide anticipatory 67 
guidance to first-time mothers on ‘protective’ complementary feeding practices which were 68 
hypothesized to reduce childhood obesity risk. 69 
Subjects and Methods: The NOURISH RCT enrolled 698 mothers (mean age 30.1 years, 70 
SD=5.3) with healthy term infants (51% female). Mothers were randomly allocated to usual 71 
care or to attend two 6-session, 12-week group education modules. Outcomes were assessed 72 
five times: baseline (infants 4.3 months); 6 months after module 1 (infants 14 months); 6 73 
months after module 2 (infants 2 years) and at 3.5 and 5 years of age. Maternal feeding 74 
practices were self-reported using validated questionnaires. BMI Z-score was calculated from 75 
measured child height and weight. Linear Mixed Models evaluated intervention (group) 76 
effect across time. 77 
Results: Retention at 5 years of age was 61%. Across ages 2-5 years, intervention mothers  78 
reported less frequent use of non-responsive feeding practices on 6/9 scales. At 5 years they 79 
also reported more appropriate responses to food refusal on 7/12 items (Ps ≤.05). No 80 
statistically significant group effect was noted for anthropometric outcomes (BMI Z-score: 81 
P=.06), or the prevalence of overweight/obesity (control 13.3% vs. intervention 11.4%, 82 
P=.66). 83 
Conclusions: Anticipatory guidance on complementary feeding resulted in first-time mothers 84 
reporting increased use of protective feeding practices. These intervention effects were 85 
sustained up to five years of age and were paralleled by a non-significant trend for lower 86 
child BMI Z-scores at all post-intervention assessment points.  87 
 88 
Word count 3325 89 
90 
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Introduction 91 
The early life environment has a profound life-course effect on social, cognitive, behavioural 92 
and health outcomes, including obesity.1, 2 In the fetal and early life periods interactions 93 
between biology and environmental exposures produce epigenetic effects that influence the 94 
risk of childhood obesity.3, 4 Hence, early life interventions, when both behaviour and biology 95 
are ‘plastic’, have potential to both ameliorate epigenetic effects and increase resilience to the 96 
behavioural and metabolic challenges posed by an obesogenic environment.1 Early feeding 97 
practices likely compound increased obesity risk conferred by genetic predisposition and 98 
prenatal factors such as excess gestational weight gain.4 The way that infants are fed 99 
(‘feeding practices’) programs taste preferences and appetite regulation and lay the 100 
foundation for life-long eating patterns.5-7 The many protective effects of breastfeeding, 101 
including healthy growth patterns are clear.8-10 The impact of the process of complementary 102 
feeding that enables transition from milk feeding to adult eating patterns has received less 103 
attention. ‘Protective’ complementary feeding practices that promote self-regulation of intake 104 
and development of healthy food preferences have been positively associated with healthy 105 
child eating patterns and growth.11-15 Self-regulation of intake is supported by responsive 106 
feeding that recognises and responds appropriately to infant cues of hunger and satiety, 107 
trusting the child’s appetite.15, 16 The corollary, non-responsive feeding, is characterised by 108 
excess maternal control that overrides these cues through pressure, restriction or reward 109 
and/or emotional feeding (use of food to distract, calm or comfort) which teaches the child to 110 
eat for reasons unrelated to appetite.5, 15, 17, 18  Healthy food preferences are developed by 111 
exposing infants to a wide variety of textures and healthy foods while also limiting exposure 112 
to sweet, salty and fatty foods.19-22 These protective maternal feeding practices are potentially 113 
modifiable targets for early obesity prevention interventions. The current paper reports on the 114 
long-term outcomes (at ages 3.5 and 5 years) of one of few randomized controlled trials 115 
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(RCTs) that have evaluated obesity prevention interventions targeting complementary 116 
feeding practices.23-25  117 
 118 
The NOURISH RCT evaluated anticipatory guidance on protective early feeding practices to 119 
first-time mothers of healthy term infants.26 We have reported promising short-term, cross-120 
sectional intervention effects on maternal feeding practices and child eating behaviours, food 121 
preferences and BMI Z-scores assessed at 14 months and two years of age.27-29 Longer-term 122 
follow up is required to determine if these effects are sustained into the preschool years as 123 
children become more autonomous in their food choices and encounter a widening range of 124 
food and eating environments. Our aim is to provide longitudinal analysis of intervention 125 
effects on maternal feeding practices and child anthropometric indicators of obesity risk 126 
across four outcome assessment points – 14 months and 2, 3.5 and 5 years of age. We 127 
predicted that compared to participants allocated to the control group, mothers in the 128 
intervention group would demonstrate more protective feeding practices and their infants 129 
would have lower BMI Z-scores. 130 
 131 
132 
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 133 
Participants and Methods 134 
Recruitment occurred in 2008-2009.26, 30 A consecutive sample of first-time mothers (≥18 135 
years old) with healthy term infants (>35 weeks gestation, >2500g birth weight) and who 136 
could read and speak English was approached on the postnatal wards at seven maternity 137 
hospitals in two Australian cities - Brisbane and Adelaide.  Mothers who consented to later 138 
contact provided demographic data (see Table 1). They were recontacted when their infant 139 
was on average four months old, at which time those consenting to full enrolment completed 140 
baseline assessment and were subsequently independently randomized to intervention or 141 
control conditions. At this time the Kessler Psychological Distress Scale (K10)31, a 10-item 142 
self-assessment widely used in population surveys in Australia to screen for risk of 143 
psychiatric morbidity was administered. Mothers in the clinical range will be deemed 144 
ineligible and referred to their general practitioner. This exclusion criteria aimed to identify 145 
'at risk' mothers for whom a universal group program focussed on feeding was potentially 146 
inappropriate and may contribute further to maternal stress. The trial was approved by 147 
Human Research Ethics Committees (N=11) covering Queensland University of Technology, 148 
Flinders University and all the recruitment hospitals. 149 
 150 
Intervention 151 
The intervention28, 29 comprised two modules commencing when the children were aged 4-7 152 
and 13-16 months. Each module involved six group sessions (40 groups across both modules 153 
and sites) of 1-2 hours duration, conducted over 12 weeks. Sessions were delivered at child 154 
health clinics by a dietitian (n=13) and a psychologist (n=13) who had received standardized 155 
training and used comprehensive standardized facilitator materials.  156 
 157 
Content focussed on healthy eating patterns and growth, rather than obesity prevention. Three 158 
aspects of feeding previously associated with healthy child eating behaviour and weight 159 
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status were targeted: (i) increased exposure to healthy foods and decreased exposure to 160 
unhealthy foods to promote the development of healthy food preferences19-22, 32 (ii) 161 
responsive feeding that recognises and responds appropriately to infant cues of hunger and 162 
satiety to promote self-regulation of  intake,15, 16, 18 and (iii) positive parenting (warmth, 163 
encouragement of autonomy, and self-efficacy).33-35 We used an anticipatory guidance 164 
framework to provide parents with information about behaviours to expect and constructive 165 
ways to manage these, rather than parents seeking advice on established problems.36 The 166 
control group had self-directed access to universal community child health services, 167 
potentially child weighing and information via the internet or telephone help line. No data 168 
were collected on the frequency with which mothers accessed standard care. 169 
Outcome Measures 170 
Outcomes were assessed at five points (see Figure 1): Time 1 (T1) – baseline, child age 4 171 
months; Time 2 (T2) – child age 14 months and 6 months after completion of Module 1; 172 
Time 3 (T3) – child age 2 years and 6 months after completion of Module 2; Time 4 (T4) – 173 
child age 3.5 years; Time 5 (T5) – child age 5 years. Times 4 and 5 represent follow up 2 and 174 
3.5 years, respectively, after intervention completion.   175 
Anthropometry 176 
Trained research staff, independent of intervention delivery and blinded to participant group, 177 
recorded anthropometric measures using standard equipment and protocols. Measurements at 178 
T1-T3 were primarily conducted at child health clinics while most T4 and T5 measurements 179 
were undertaken in the participants’ homes. At T4 and T5 participants were provided with an 180 
AUD25 retail voucher at completion of the anthropometric measurements.  181 
Child weight was measured naked (T1-T3) or in light undergarments (T4-T5). Duplicate 182 
child recumbent length (T1 – T2) or standing height (T3-T5) and waist circumference (T3-183 
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T5) and single maternal height and weight (T1 – T5) were taken. Standardized (Z-scores) 184 
weight-for-age (WAZ), length/height for age (HAZ) and BMI-for-age (BMIZ) were 185 
calculated using the WHO Anthro version 3.0.1 and macros program. As recommended, 0.7 186 
cm was added to the T3 standing height of children < 2 years to correct for use of recumbent 187 
length in the reference sample.37 For children >5 years at T5 the WHO AnthroPlus version 188 
1.0.4 was used to calculate Z-scores. Waist circumference Z-score (T5 only) was calculated 189 
using LMSgrowth Microsoft Excel add-in38 using British 1990 growth reference data.39 190 
Classification as overweight (including obese) at T5 used International Obesity Task Force 191 
gender-specific two-year-old BMI (kg/m2) cut-offs.40  192 
Feeding Practices 193 
At T3-T5 maternal feeding practices were assessed using 9 scales from self-report measures 194 
validated for mothers of children aged ≥ 2 years old. Five scales from the Child Feeding 195 
Questionnaire (CFQ)41 were administered: perceived responsibility; concern about child 196 
weight; restriction; pressure to eat; and monitoring.  Four scales from the Parental Feeding 197 
Style Questionnaire (PFSQ)42 were used: instrumental feeding; encouragement; emotional 198 
feeding; and control over eating. Items were scored 1-5 with higher means scores indicating a 199 
higher frequency of the feeding practice. All scales showed good internal consistency across 200 
T3-T5 (Cronbach’s α >.70). At T5, mothers also responded to 12 single items derived from 201 
the clinical experience of the investigators.  They were used in the observational needs 202 
assessment study that informed the intervention design and assessed the use of practical 203 
feeding strategies targeted in the intervention.17, 27, 28 These assessed how mothers responded 204 
to child refusal of familiar foods (6 non-responsive; 2 responsive strategies) or unfamiliar 205 
foods (4 non-responsive strategies).   206 
 207 
Covariates 208 
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Covariate data were collected using self-completed questionnaires and, for birthweight, 209 
hospital records. Socioeconomic status was determined using Socio Economic Indexes for 210 
Areas (SEIFA) score for the Index of Relative Advantage and Disadvantage. Scores at or 211 
below the 7th decile indicated relative disadvantage.43   212 
 213 
Statistical Analysis 214 
Sample size and retention at each follow-up are provided in Figure 1. An intention-to-treat 215 
approach was used as far as missing data permitted. No imputations for missing data were 216 
made. Analysis of longitudinal data using linear mixed models does not require complete data 217 
but rather uses all available data irrespective of missing values across time points.  There was 218 
no evidence of differences by group (intervention versus control) at baseline (Table 1). 219 
Accordingly no adjustment for covariates was undertaken. To assess retention bias at T5, 220 
baseline characteristics between mothers retained/not retained were compared using 221 
likelihood ratio chi-square tests and independent samples t-tests for dichotomous and 222 
continuous variables respectively. 223 
 224 
Linear mixed models using first-order autoregressive structure with Group, Time (as repeated 225 
factor) and their interaction were used to analyse anthropometric data (BMIZ, WAZ and 226 
HAZ T2 to T5, adjusting for T1 [baseline] value) and the nine feeding practices scales (T3 to 227 
T5). Likelihood ratio chi-square tests were used to assess proportion of children overweight 228 
at T5 and mothers’ use of the 12 single-item feeding strategies reported at T5. Longitudinal 229 
waist circumference Z-score data were not available and an independent samples t-test was 230 
used to compare groups at T5. As there was no evidence of group differences (intervention 231 
vs. control) at baseline, adjustment for covariates (excluding anthropometrics) was not 232 
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undertaken. Statistical tests were computed using SPSS Version 21. A P value of .05 (two-233 
tailed) was the criterion for statistical significance.  234 
 235 
Results 236 
Participant characteristics 237 
Flow of participants through the trial is shown in Figure 1. Characteristics of 698 mothers and 238 
children by group allocation are shown in Table 1. Mothers who declined participation at 239 
second contact were younger (M=28.0, SD=5.5 vs M=30.1, SD=5.3 years), less likely to have 240 
a university degree (36% vs 58%), less likely to live in a relationship (married/defacto, 90% 241 
versus 95%) and more likely to smoke during pregnancy (21% vs 12%).  No baseline 242 
differences according to group allocation were observed. Mean (SD) child age at follow-up 243 
assessments was: (T2) 13.7 (1.3), range 11-17 months (51% female); (T3) 24.1 (0.7), range 244 
21-27 months (51% female); (T4) 44.5 (3.1), range 40-50 months (52% female), and (T5) 245 
60.0 (0.5), range 58-65 months (52% female). Attendance at ≥2 sessions for module 1 was 246 
n=229 (65%) and module 2 was n=130 (45% of those retained at module commencement.   247 
 248 
Retention (mothers providing any data) at T5 was 61% (control: n=211, intervention: n=213). 249 
Compared to mothers not retained at T5, those retained were slightly older (M=30.8, SD=5.2 250 
vs M=29.0, SD=5.3, P<.001), and a greater proportion were in a relationship 251 
(married/defacto, 97% vs 92%, P=.01), held a university education (68% vs 42%, P<.001), 252 
scored 7 or above on the SEIFA index (higher scores indicating relative advantage) (70% vs 253 
62%, P=.03) and reported that they did not smoke during pregnancy (90% vs 84%, P=0.02). 254 
There were no differences between those retained or not retained at T5 for group allocation, 255 
country of birth or maternal BMI, Ps >.05.  256 
11 
 
Anthropometry 257 
As shown in Table 2 there was no statistically significant effect of Group from T2 to T5 258 
(adjusting for T1 value) on BMIZ (see also Figure 2), WAZ, HAZ, Ps>.05. Time was 259 
significant in each model (Ps<.001), but there were no significant Time x Group interactions 260 
(Ps>.30). To assess the potential influence of missing data, BMIZ at T1 was compared for 261 
those providing or not providing data at T5 with no differences observed (P=.54). Using 262 
gender-specific international BMI cut-offs40 11.4% (n=24/211) of intervention versus 13.3% 263 
(n=28/211) of control children were classified as overweight at T5, P=.66. Waist 264 
circumference Z-score at T5 (control: M=0.72, SD=1.01 vs M=0.67, SD=0.67) did not differ 265 
between groups (P=.62). 266 
Feeding Practices  267 
Feeding practices scores from T3-T5 are shown in Tables 3 and 4. Significant group effects 268 
(P<.05) were seen for 6/9 scales, with intervention mothers reporting less non-responsive 269 
feeding. Use of specified feeding strategies at T5 are shown in Table 5. Significant group 270 
effects (P<.05) were seen for 7/12 strategies. In response to children’s refusal of food they 271 
normally eat, mothers in the intervention group used fewer non-responsive strategies (3/6 272 
items) and more responsive strategies (2/2 items). In response to child refusal of unfamiliar 273 
foods (neophobia) mothers in the intervention group were less likely to disguise the food and 274 
more likely to continue to re-offer new foods (2/4 items).  275 
276 
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 277 
Discussion 278 
This is the first report of a long term follow up of an RCT evaluating an obesity prevention 279 
intervention that targeted feeding practices and started in the first year of life.  Mothers 280 
allocated to the intervention consistently reported using more protective feeding practices 281 
than those receiving usual care.  Despite the relative improvements in feeding practices, there 282 
were no overall statistically significant intervention (group) effects on anthropometric 283 
indicators of obesity risk. However, at all follow up assessments (T3-T5) the BMI Z-scores of 284 
intervention children were 16-17% lower than control children, with the overall group effect 285 
approaching significance (P=.060). The prevalence of overweight/obesity was also not 286 
significantly different between groups (control 13.3% vs. intervention 11.4%, P=.66). 287 
However, this difference translated to a population level would represent a meaningful public 288 
health effect. 289 
 290 
Non-responsive feeding practices override the child’s hunger and satiety cues and undermine 291 
their intrinsic capacity to self-regulate. In healthy children satiety is typically signalled by 292 
refusal of familiar foods.15, 17 Non-responsive feeding practices include excess overt control 293 
in feeding (e.g. restriction and pressure to eat), explicit encouragement, praise, coercion, 294 
coaxing and the use of rewards for eating.15, 16, 18 In addition, emotional feeding (using food 295 
to comfort, calm or distract) and use of food rewards to shape behaviour teach the child to eat 296 
for reasons unrelated to appetite.5, 14, 15, 17  The intervention mothers reported less frequent use 297 
of non-responsive feeding practices on 6/9 scales compared to controls.  Furthermore at T5 298 
the proportion of control mothers using inappropriate responses to food refusal was 1.2-1.8 299 
times higher for 7/12 specified strategies than intervention mothers.  Consistent with our 300 
previous findings27, 28, intervention mothers remained more likely up to 3.5 years after 301 
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completion of the intervention (child age five years) to be using protective feeding practices 302 
which have been positively associated with better dietary quality and healthy child eating 303 
behaviours and weight status.13, 14, 44   304 
It is important to note that, notwithstanding these strong and consistent intervention effects, 305 
half to two-thirds of mothers in both groups reported using counterproductive feeding 306 
strategies. Furthermore the use of coercive strategies in response to general food refusal 307 
between T328 and T5 had roughly almost doubled. These data suggest that mothers need 308 
additional age-appropriate support to promote use of protective feeding practices across the 309 
preschool years. 310 
 311 
Despite a consistent and sustained intervention effect on feeding practices, there was no 312 
statistically significant effect on BMIZ. However group differences were in the expected 313 
direction at each point (P=.06) and there is potential for Type II error. A 2010 systematic 314 
review24 of interventions aimed at preventing overweight in children <2 years identified 10 315 
studies (3 RCTs). Only two of the RCTs (both rated fair quality)45, 46 evaluated impact of an 316 
intervention commencing at <9 months of age on weight status and neither showed any 317 
significant intervention effects. One study of 101 exclusively formula-fed infants reported no 318 
effect of a single education session (child age 3-10 weeks) on weight gain (g/week) from 0-4 319 
months.45 The other study,46 although large (n=1062), targeted dietary fat and cholesterol 320 
intake and atherosclerosis risk factor outcomes, rather than obesity prevention.   321 
 322 
Since the Ciampa review,24 only three47-49 RCTs have reported weight status following an 323 
obesity prevention intervention commencing in infancy. All targeted first-time mothers. Paul 324 
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et. al.49 reported a significant effect on weight-for-length percentiles at 12 months of age (33rd 325 
vs 50th, retention 69% [n=22 vs 30]) of an intervention comprising three nurse home visits 326 
targeting soothing strategies and process of solid introduction. Two other large Australian 327 
trials47, 48 have reported outcomes at around two years of age. The Healthy Beginnings Trial 328 
(HBT)48 evaluated six nurse home visits during the first two years of life. They reported a 329 
small but statistically significant difference in BMI (2.3%; retention 75% [n=497]) but did 330 
not report or control for birth weight or baseline BMI.  In contrast, the INFANT cluster 331 
RCT47 evaluated an intervention delivered by researchers to pre-existing mothers’ groups and 332 
reported no effect on BMIZ after adjusting for baseline values (mean difference 0.02 BMIZ 333 
units; retention 86% [n=542]). None of these trials have reported comparable feeding 334 
practices data and to date, none have reported outcomes beyond two years of age. 335 
 336 
NOURISH, like the two other Australian trials47, 48 was a universal intervention offered to 337 
first-time mothers, irrespective of maternal or child obesity status/risk. However, infants 338 
exposed to the established pre- and post- natal obesity risk factors may be particularly 339 
vulnerable to the obesogenic environment and thus may be more responsive to early 340 
prevention interventions.50 Established risk factors such as parent weight status, maternal 341 
nutrition, excess gestational weight gain, formula feeding and rapid early weight gain may 342 
induce epigenetic processes that in turn increase susceptibility to obesity.1, 3, 4  Emerging 343 
evidences suggest other heritable infant factors may also confer increased obesity risk.  A 344 
very recent twin study51 has shown that exclusively breast fed infants at 3 months of age, 345 
identified by their mothers as having a big appetite (higher food responsiveness and lower 346 
satiety responsiveness) gained more weight from 0-15 months, with weight trajectory 347 
differences apparent as early as three months. Temperament phenotypes may also influence 348 
feeding practices, eating behaviour and weight status.52-54  The complex genetic, biological 349 
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and behavioural interactions between these maternal and child risk factors may be further 350 
moderated by other exposures such as age of complementary feeding, early food exposure 351 
and responsive feeding practices.1, 4 In the context of this emerging evidence, it is possible 352 
that the protective feeding practices used more often by our intervention mothers only 353 
translate to measurable outcomes in child weight status when variability in genetic or 354 
phenotypic vulnerability is considered. Interventions to modify early feeding environments 355 
may show greatest effect if targeted to families presenting with existing obesity risk factors.50  356 
 357 
The strengths and limitations of the NOURISH RCT have been discussed elsewhere.27-29 358 
Strengths include a CONSORT-standard RCT, a large sample size and single blind 359 
independent assessors. Limitations include self-report feeding practices data and lack of a 360 
true attention control, whereby both the groups had matched exposure to both a peer group 361 
and health professional. The NOURISH RCT, in common with most trials, shows evidence of 362 
selection and retention biases. These do not affect internal validity but potentially limit 363 
generalizability. The bias towards older, more educated mothers and hence families with 364 
lower obesity risk, may have attenuated intervention response. The prevalence of overweight 365 
in the control children at 5 years of age was well below population prevalence (13 vs 24%)55, 366 
confirming that overall the level of obesity risk was comparatively lower in the study sample. 367 
There was also a disappointing level of attendance at Module 2 (only 45% of those retained at 368 
Time 2 attended ≥ 2 sessions). This may have further tempered intervention response and 369 
suggests the need to reconsider how to optimally deliver anticipatory guidance to mothers of 370 
toddlers, many of whom have returned to paid employment. 371 
 372 
Conclusions 373 
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Our findings indicate that anticipatory guidance was effective in promoting protective 374 
maternal feeding practices with intervention effects maintained more than three years after 375 
intervention completion.  These sustained effects translated into commensurate trends in 376 
obesity risk, but not statistically significant differences. NOURISH was a universal 377 
intervention and it may be that interventions targeted to infants with greater susceptibility to 378 
epigenetic effects and subsequent obesity may be more effective. The increasing prevalence 379 
of non-responsive feeding strategies with age in both groups suggests that additional 380 
guidance regarding protective feeding practices is required beyond toddlerhood. Overall, the 381 
results suggest that investing in early advice on the ‘how’ of responsive complementary 382 
feeding can improve maternal feeding practices and may have positive impacts on obesity 383 
risk up to 5 years of age.  384 
385 
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